Abstract. A method was developed where soybean seedlings were grown without roots to study the influence of hormones of root origin on shoot growth. Excision of the root resulted in inhibition of apical section growth and DNA synthesis and inhibited elongating section growth. A synthetic cytokinin restored DNA synthesis in the apical seotion, but did not influence growth in either the apical or elongating sections. Low concentrations of gibberellin with the cytokinin restored growth in the apical section. Gibberellin alone was sufficient to restore grow-th in the elongating section.
Thirty years ago Went (31) proposed the existence of-hormones produced by the roots that were necessary for stem growth. Chibnall (2) , studying protein loss in detached leaves, suggested that the root system exerted an influence on leaf protein metabolism. He found that development of adventitious roots on the petioles of detached leaves caused a reduction in the rate of protein breakdown (3) . Richmond leaves. Several workers have shown that root exudates contain kinetin-like activity (8, 13, 14) as well as gibberellin activity (25, 28) . The root tips are production sites for both cytokinins (30) and gibberellins (9, 10) . Rootless plants have not been extensively used to study the effect of hormones produced by the roots on shoot growth. Went and Bonner (32) found that coconut milk and pea diffusate applied to leaves of rootless tomato seedlings enhanced growth a-bove water controls. Mullins (21) found that inflorescences of fertile buds on wood cuttings of grape vine failed to develop if roots were not present. Application of synthetic cytokinins to the bases of unrooted cuttings caused inflorescence growth. Kende and Sitton (15) found that gibberellin application to rootless, etiolated pea seedlings caused longer stems tham rooted, untreated controls. Kinetin, benzyladenine, zeatin, and SD 83395 had no effect on the length of rootless seedlings. Addition (Fig. 2) . The optimal concentration of GA (5 X 10-6 M) for DNA svntlhesis corresponded to the optimal concentratlion for growtlh (Fig. 1) . The apical section of SD 8339-treated seedlings showed an increase in DNA (38 %) equivalent to levels in the intact plant in the absence of a growth response. Concentrations of GA between 5 X 10-9 and 5 X 10-7 M along with SD 8339 increased DNA synthesis and svnergistically promoted apical growth. Growth of the elongating section was also enhanced bv GA, but SD 8339 had no effect onl cell elongation alone or in comiibination with GA. Higher levels of GA (5 X 10-6 M and above) alone duiplicated the intact plant response in both sections. No changes in total DNA levels occutrred in the elongating section over a wide range of GA concentrations (± SD 8339), even though there were marked differences in growth responses (Fig. 2) .
The influence of FUDR on growth and DNA synthesis was evaluated. This base analogue blocks DNA synthesis by inhibiting thymidvlate svnthetase (7) . Nitsan and Lang (22) Effect of GA and SD 8339 on the DNA content of the apical and elongatinig sections of rootless soybean seedlings. The apical and elongating sections were marked, and the rootless seedlings were incubated for 24 hr in increasing concentrations of GA (±+ 10-7 M SD 8339). After the incubation period, the sections were frozen for subsequent DNA analysis. (table IV) . There was a marked auxin effect on cell elongation, and the enhancement of elongation in auxin and GA was more than additive although the fresh weight increase was additive. A concentration of FUDR that completely inhibited net DNA synthesis in the rootless seedlings had no effect on the growth in any of the treatments.
The auxin-GA interaction on excised growth was further examined by varying the auxin concentrations. Increased auxin levels resulted in increased fresh weight but lowered elongation, causing an increased weight-length ratio (table V). At 5 X normally cause a 30 % inhibition of cell elongation (Fig. 3) . In addition to the GA inhibition of auxininduced ethylene production, these results suggest that GA interferes with the ethylene inhibition of cell elongation. The data serve as a more direct demonstration of the GA interference in the expression of ethylene action. The amount of ethylene produced by rootless seedlings was also reduced by GA treatment. The air passing through desiccators containing 100 control or GA-treated seedlings was bubbled into mercuric perchlorate. The ethylene was released by lithium chloride (33) . The control seedlings produced 0.319 ,ul ethylene g fresh wt'l hr'1 while the GA-treated seedlings produced 0.156 ,ul ethylene g fresh wt-1 hr'1. The hook opening response of the GA-treated seedlings was much greater than the controls as depicted in Fig. 4 .
Discussion
Root excision of soybean seedlings resulted in reduced hypocotyl growth when compared to the intact seedlings. Apical section growth was inhibited Table V . Effect of 2.4-D and GA on Growth and Ethylene Production its Excised Soybean Hypocotyl Ten excised hypocotyl sections (0.5-1.5 cm below the cotyledons) were incubated for 24 hr at 30°in 50 ml flasks (sealed with vaccine caps) containing 10 ml of solution (1 % sucrose, 5 X 10-8 M KH2PO4 pH 6.0, and 50 ,ug/ml CAP). Air samples were withdrawn from the flasks after the incubation period for ethylene analysis on a gas chromatograph. of intact 2 and one-half day old soybean seedlinigs.
The question of DNA synthesis in elongating tissue is critical because of the proposal that DNA synthesis is necessarv for GA-induced cell elongation (19, 23) .
The lentil seedlings used in experiments on GAinduced cell elongation and DNA synthesis were Nvithout roots and shoot apices (19, 23) . Treatment with GA resulted in a 50 % increase in DNA over <a 48 hr period in tissue that was reported to grow only by cell elongation (22, 23) . The Control and GA-induced growth was inhibited 85 to 90 % by AD and CH in both the apical and elongating sections of the rootless seedlings (table IT) . These results agree with those of Lin and Key (20) whio found that cell elongation in the root of intact soybean seedlings was dependent on continued RNA and protein biosynthesis. Cell elongation in excised plant tissues shows the same dependency on continued RNA and protein synthesis (17, 24) . But gation in decapitated, etiolated pea epicotyls when the apex was replaced with auxin in lanolin (5) . They concluded that the enzymes needed for cell elongation were transcribed from a stable messenger present in the cells (4) . Clearly this is not the case in excised or intact soybean tissues, and in most other tissues which have been studied (17, 24) .
The excised elongating section showed a synergistic elongational response to GA and auxin at high auxin levels (table V) . This may result from the GA inhibition of auxin-induced ethylene production. GA also overcomes the inhibition by ethylene of cell elongation at ani auxin concentration (10-6 M) that does not markedly enhance ethylene production (Fig. 3) . Thus GA may be counteracting ethylene inhibition of cell elongation as well as inhibiting ethylene production in auxin-treated tissues. Several GA-ethylene interactions have been reported by Scott and Leopold (27) . Fig. 4 summarizes the growth responses in excised and rootless soybean hypocotyl. The results with GA and SD 8339 support the view that hormones produced by the roots (9, 10, 30) are important in shoot growth as proposed by Went (31) . ABA inhibited control growth indicating that some of the growth response was the result of endogenous GA in the tissue at the time of root excision. Excised elongating sections responded to auxin with levels of growth comparable to those in rootless seedlings treated with ABA. Added auxin did not increase rootless seedling growth, and GA was necessary for the rootless seedlings to elongate maximally. These results indicate that about two-thirds of the cell elongation in soybean hypocotyl is normally under auxin control and one-third under GA control. In the apical section cytokinin, in addition to GA and auxin, is involved in cell division and tissue growth.
